Isolation, characterization, and structural organization of 10-formyltetrahydrofolate synthetase from spinach leaves.
One-carbon metabolism mediated by folate coenzymes plays an essential role in several major cellular processes. In the prokaryotes studied, three folate-dependent enzymes, 10-formyltetrahydrofolate synthetase (EC 6.3.4.3), 5,10-methenyltetrahydrofolate cyclohydrolase (EC 3.5.4.9), and 5,10-methylenetetrahydrofolate dehydrogenase (EC 1.5.1.5) generally exist as monofunctional or bifunctional proteins, whereas in eukaryotes the three activities are present on one polypeptide. The structural organization of these enzymes in plants had not previously been examined. We have purified the 10-formyltetrahydrofolate synthetase activity from spinach leaves to homogeneity and raised antibodies to it. The protein was a dimer with a subunit molecular weight of Mr = 67,000. The Km values for the three substrates, (6R)-tetrahydrofolate, ATP, and formate were 0.94, 0.043, and 21.9 mM, respectively. The enzyme required both monovalent and divalent cations for maximum activity. The 5,10-methylenetetrahydrofolate dehydrogenase and 5,10-methenyltetrahydrofolate cyclohydrolase activities of spinach coeluted separately from the 10-formyltetrahydrofolate synthetase activity on a Matrex Green-A column. On the same column, the activities of the yeast trifunctional C1-tetrahydrofolate synthase coeluted. In addition, antibodies raised to the purified spinach protein immunoinactivated and immunoprecipitated only the 10-formyltetrahydrofolate synthetase activity in a crude extract of spinach leaves. These results suggest that unlike the trifunctional form of C1-tetrahydrofolate synthase in the other eukaryotes examined, 10-formyltetrahydrofolate synthetase in spinach leaves is monofunctional and 5,10-methyl-enetetrahydrofolate dehydrogenase and 5,10-methenyltetrahydrofolate cyclohydrolase appear to be bifunctional. Although structurally dissimilar to the other eukaryotic trifunctional enzymes, the 35 amino-terminal residues of spinach 10-formyltetrahydrofolate synthetase showed 35% identity with six other tetrahydrofolate synthetases.